












Running is considered a fundamental skill and a critical requirement for almost every sporting activity [31]. However, the complex and repetitive nature of running can make athletes prone to overuse injury [37] [1]. It is estimated that a staggering 80% of runners may experience an overuse injury sometime during their running career [39]. 
Running related injuries (RRI) are primarily lower limb injuries and are considered multifactorial in etiology [44] [19] [1]. Research has speculated that RRI may be due to runners primarily exercising in the sagittal plane of motion; suggesting that lack of movement in the frontal and transverse plane causes weakness of the hip abductors and external rotators, thus making runners more prone to muscle imbalance [22] [24] [16]. Lower limb muscle imbalance contributes to poor alignment and altered functional movement control which potentially increases the risk of RRI [38] [42] [40]. 
Understanding the biomechanical function of the lower limb during running is important in identifying potential factors that relate to injury [31]. Physiotherapists are advised to take a preventative approach to RRI and consider modifiable risk factors for each individual runner [34]. Pearce [26] argues that athletes often succumb to injury as a result of correctable biomechanical imbalances. In agreement, Cook et al. [7] advise that a biomechanical analysis of fundamental movements should be incorporated into screening in order to target injury prevention. There is evidence in athletic populations that impaired functional movement contributes to injury risk [18] and functional movement screening (FMS) is a test proposed for determining whether an athlete has the essential movements needed to participate in sports activities with a decreased risk of injury [7]. It has been suggested that lower overall scores predict individuals who are at a greater risk of injury than those with higher scores and are utilizing compensatory movement patterns during their activities [7] which may lead to RRI. Screening therefore enables physiotherapists to address these imbalances to ensure that athletes are ready to participate safely in their sport [3]. 
Functional deficits observed during movement screening can be corrected by performing specific exercises [3]. Interventions for preventing or managing RRI have shifted away from isolated, localised muscle strengthening and moved towards proximal strengthening and retraining functional movement control [29] [27] [19] [2]. Clinical Pilates is a functional, dynamic intervention and is essentially a mind-body centring technique that emphasises the importance of movement control from a central stable core [20] [23]. The Pilates concept was initiated by Joseph Pilates who believed that muscle imbalance, poor habitual patterns of movement and compensatory movements were the main causes of injury and could be avoided through core strengthening [43]. Pilates’ concepts were used and exercises were modified leading to the development of the Australian Physiotherapy & Pilates Institute (APPI) Clinical Pilates method [APPI, The APPI Pilates method (2014). In Internet:http://www.appihealthgroup.com/uploads/files/1/Resources/Education-brochure.pdf; (accessed 22nd February 2016)]. The reported benefits of these proximal strengthening exercises include improvements in strength, flexibility, co-ordination, balance and proprioception [43]. Retraining the core should address functional deficits and promote functional capacity [17]. 




Fifty four recreational runners from local running clubs participated in this investigation through volunteer sampling. Participants were only included if they met specific inclusion criteria to ensure that they were uninjured recreational runners (running 15 km or more per week), with no experience of Clinical Pilates and medically fit to take part in the exercise intervention. Ethical approval was granted from the University of Bath Research Ethics Approval Committee for Health and the study met the ethical standards outlined by Harris and Atkinson for the IJSM [13].
Protocol
In order to investigate the effect of Clinical Pilates on functional movement, a modified version of the Functional Movement Screen (FMS) [7] [8] was used to assess the runners’ functional ability. The modified FMS (MFMS) was undertaken three times for each runner; six weeks before the Clinical Pilates intervention commenced (MFMSbaseline), within the week prior to the intervention commencing (MFMSpre) and within one week following the completion of the intervention (MFMSpost) (Figure 1).
The functional movement screen used in this study was a modified, sport-specific version based on seven functional movements selected because they are associated with the physical and functional demands of running. Included in the MFMS were five exercises from the FMS [7] [8] which is considered a useful, generic, quantifiable method of analysing basic movement abilities [30] [7] [8].  However, it has been argued that the FMS is not sport-specific and that the tests could be enhanced by working on variations of the skills to relate more closely to an athlete’s particular sport [7] [8].  The deep squat, hurdle step and in-line lunge were selected as they were considered similar functional movements to a running stride [21] [7]. The trunk stability push up and rotary stability tests were also included because global stability is arguably a necessary element of running [21] [8]. This study modified the FMS by excluding the straight leg raise (SLR) and shoulder mobility tests as there is little evidence that shoulder mobility or SLR flexibility impacts on running biomechanics or injury risk [21]. In replacement, two tests were added to measure dynamic knee valgus angle. Several studies focusing on RRI identify increased dynamic knee valgus motion as a primary cause of RRI [10] [38] [16] [5] [41] [32]. The single leg squat (SLS) and drop jump test (DJT) are validated objective measures of dynamic knee valgus motion and these were added to make the MFMS more specific to the biomechanical imbalances associated with RRI [15] [38] [36].
Table 1 shows the fundamental scoring criteria for the MFMS. The performance of each of the seven functional movements was scored on a scale of 0 to 3 with 0 representing an inability to perform the movement due to pain and 3 representing a performance of the movement without any compensatory movements.  Table 1 reports a simplified version of the comprehensive approach that was adopted by the MFMS scorers. This comprehensive protocol was designed by the researcher based on the FMS scoring protocol by Cook et al. [7] [8] to standardise scoring and improve reliability and repeatability of the study. 
Reliability
Beardsley & Contreras [3] praise FMS for having high levels of both inter-rater and intra-rater reliability. However, as FMS was modified for this study, a pilot study was conducted to test the inter-rater and intra-rater reliability of the MFMS measure. Ten of the study participants were screened and scored using the MFMS. The researcher and research assistant independently screened each volunteer following the specific MFMS scoring protocol (Table 1). The ten volunteers were recorded during the original MFMS and one week later the researcher reviewed each recording and re-scored each volunteer. Subsequently, ICC was used to assess reliability, where both inter-rater (0.98, 95% CI: 0.92-1.00) and intra-rater (0.99, 95% CI: 0.98-1.00) reliability were deemed to be excellent [28].
Clinical Pilates intervention
The intervention phase of the study consisted of a six week course of Clinical Pilates. All participants attended a one hour Clinical Pilates class once a week for six weeks. Classes were designed and delivered by a senior physiotherapist/APPI Clinical Pilates instructor. The APPI Clinical Pilates method is established as a world leader in Pilates training for physiotherapists and is widely used in clinical practice in the UK. 
Clinical Pilates classes commonly run in blocks of six sessions. Therefore, for clinical relevance, a six week, progressive programme was planned and delivered. The classes were progressive over the 6 weeks and focused on proximal strengthening and lumbar/pelvic stability with controlled movements selected from the repertoire of APPI exercises. Each class comprised a warm up followed by core exercises and then a warm down. At the beginning of each class verbal consent was given by all participants and participants were asked if they had sustained any injuries or had any other reason not to take part and were excluded as appropriate. The instructor used visual, verbal and tactile cues in keeping with the APPI training method to promote concentration, breathing, centering, control, precision, flowing movement, integrated isolation and routine [APPI, The APPI Pilates method (2014). In Internet: http://www.appihealthgroup.com/uploads/files/1/Resources/Education-brochure.pdf; (accessed 22nd February 2016)].
Statistical analysis
Statistical analysis was performed using SPSS software statistical package (SPSS, version 22). Statistical significance was set at p < 0.05. A one-way repeated-measures ANOVA compared the runners’ scores between MFMSbaseline, MFMSpre and MFMSpost. When a significant effect of time was found, Bonferonni post-hoc tests were used to determine the location of the variance.  

RESULTS
Of the fifty four participants who took part in the study, three withdrew during the control phase (two injured and one unexplained), and eleven withdrew during the intervention phase (four injured, four unable to complete all Pilates sessions and three unexplained). The injured participants were withdrawn as it was considered potentially unsafe for them to complete the Clinical Pilates intervention. This resulted in a total of forty participants completing the protocol.  Data presented are for these forty participants only.
The results highlight a significant increase in scores post Clinical Pilates intervention between MFMSbaseline and MFMSpost (mean ± SD; 13.4 ± 2.4 vs 17.0 ± 1.7, p < 0.01) and MFMSpre and MFMSpost (mean ± SD; 13.5 ± 2.5 vs 17.0 ± 1.7, p < 0.01) (Figure 2), with mean differences in scores of -3.60 (MFMSbaseline vs MFMSpost; 95% Confidence Intervals [CI] -4.03 - -3.17) and -3.48 (MFMSpre vs MFMSpost; CI -3.92 - -3.03). During the control phase of the study there was no change in mean scores (p=0.3; mean difference = -0.13; 95%  CI -0.27 - 0.02).  

DISCUSSION
The aim of the current study was to evaluate whether a six week course of Clinical Pilates affects functional movement control in recreational runners. The main findings of the study were that following a six week course of Clinical Pilates runners displayed a significant improvement in their functional movement ability, confirming the study’s hypothesis. The clinical implications of this study are that Clinical Pilates has the potential to reduce the risk of RRI associated with movement dysfunction.
Results from the study concur with other recent studies which have shown that exercises focused on proximal strengthening result in improved function [22] [9] [12] [27] [2].  The current study found that after a course of Clinical Pilates, a significant difference in MFMS scores was observed, demonstrating the training benefits of the Clinical Pilates intervention. In practice, researchers have generally identified 14 points as the ideal cut-off point for those at greater or less risk of injury [4] [18] [25] [11]. These studies have included military, team sport and athletic (running) populations.  In this study, the group mean MFMS scores at baseline and pre intervention were 13.4 and 13.5 respectively, whilst post intervention this value increased to 17.0.   Out of the sample of 40 participants, 30 had individual scores of ≤14 at baseline and pre intervention and following the intervention only 5 retained a score of ≤14 (all of whom scored 14), suggesting that the Pilates had the effect of moving the participants from a state where compensatory movement patterns are likely being utilised, and the risk of injury is high, to a state of lowered risk [7].
Following the intervention, it was observed that the runners exhibited enhanced hip and knee control and improved lower limb alignment during the functional tests, resulting in reduced dynamic knee valgus and increased MFMS scores. Clinical Pilates focuses on retraining the core proximal stability muscles and emphasises the importance of normal movement control [20] [23] [43]. This focused intervention appears to have addressed the functional deficits observed prior to the intervention and contributed to the biomechanical improvements observed post intervention.   
Several researchers hold the notion that lower limb alignment is an important component in running mechanics [9] [42] [27] [19]. Hip stability and dynamic postural stability are consistently reported as key contributing factors in maintaining lower limb alignment [10] [38] [27] [33] [32] [5] [41]. The hip abductors and external rotators eccentrically control hip abduction and internal rotation during the stance phase of running and consequently influence the dynamic Q angle of the lower limb [10] [5] [41]. This study has shown that Clinical Pilates improves dynamic hip and knee control and may reduce frontal plane loading of the lower limb during running, thus improving functional movement control and potentially reducing the risk of RRI. This is consistent with research findings where poor lower limb biomechanics have been shown to lead to RRI [38] [14] [21].
It has been suggested that to successfully improve functional movement and running mechanics it may be necessary to include neuromuscular training [38] [42]. This exercise concept is supported by Wallden [35] who favours facilitating change through active rehabilitation techniques. Stimulating the local core stability muscles (inner-unit) and then building upon the more phasic musculature (outer-unit) rebuilds the muscular system in the way that nature intended [35]. It could be argued that Clinical Pilates adheres to this model by activating the central core stability muscles: transverse abdomens, pelvic floor and multifidus and then building in controlled upper and lower limb movements [APPI, The APPI Pilates method (2014). In Internet: http://www.appihealthgroup.com/uploads/files/1/Resources/Education-brochure.pdf; (accessed 22nd February 2016)]. During Clinical Pilates classes, instructors give visual, verbal and tactile cues to feedback and reinforce neuromuscular movement control. The repetition of this sequence through a six week course of Clinical Pilates may have potential importance for the neural properties of the inner unit musculature. Training runners to develop both proximal stability and distal mobility and teaching them to tolerate multi-directional movements provides them with a broad set of tools for minimising the risk of injury [35]. It could be hypothesised that there is a strong element of neuromuscular training within Clinical Pilates which may contribute to the significant improvement in functional movement ability displayed by the runners post intervention. 
There are, of course, methodological limitations to this study. It could be argued that a 0-3 scale is not a very sensitive scale for the MFMS and may fail to pick up subtle changes in functional movement control, potentially resulting in unreliable scores.  However, this study is focused on gross functional movement control, and so the MFMS scale was deemed appropriate. Other assessment tools to analyse functional movement control through 3D motion capture have been used in previous studies and could possibly give a more objective, measurable value [9]. However, this approach has been criticised for limitations in precision and reliability [9]. Alternatively, the Performance Matrix Movement and Performance Screen by Commerford & Mottram [6] may have greater specificity because it breaks down each movement and analyses three dimensions of an uncontrolled movement: the site, the direction and the threshold at which the uncontrolled movement occurs. Although this may be more specific and sensitive, it was deemed much more time consuming and less clinically relevant given the focus on gross functional movement control in this study.  The relatively small number of participants and the fact this was not a randomised control trial are also limitations or weaknesses of the study. 
To the authors’ knowledge, this study is the first to investigate the effect of Clinical Pilates on recreational runners and as such provides a good foundation for future studies into the use of Pilates for pre-habilitation or preventative exercise.  Future studies should therefore look to investigate the effect of Pilates in reducing running related injuries by adopting a longitudinal study design.  
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Figure 1. Timeline of modified functional movement screening testing.

Figure 2. Mean (± SD) modified functional movement screen scores across the three sessions. * denotes significantly different to baseline and pre intervention scores.


Table 1. Functional tests and scoring criteria for the modified functional movement screen.
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